(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOP 




10/!>U96 45 

004 



29 

>NTREA' 




(19) World Intellectual Property 
Organization 
International Bureau 




i oiii unmi ii nifli nm mil inn iiii i u m urn mi] ida hii mn iid oniD im dii nil 



(43) International Publication Date (10) International Publication Number 

7 October 2004 (07.10.2004) PCT WO 2004/085060 Al 



(51) International Patent Classification 7 : 



B0U 37/00 



(21) International Application Number: 

PCT/KR2004/000600 



(22) International Filing Date: 19 March 2004 (19.03.2004) 

(25) Filing Language: Korean 

(26) Publication Language: English 



(30) Priority Data: 
10-2003-0018917 



26 March 2003 (26.03.2003) KR 



(71) Applicant (for all designated States except US): LG 
CHEM LTD. [KR/KR]; LG Twin Tower, Yoido-dong 20, 
Youngdungpo-ku, Seoul 150-721 (KR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KANG, Jung-Hwa 
[KR/KR]; 11-905 Gyeongnam apt., Banpo 2-dong, Seo- 
cho-gu, Seoul 137-765 (KR). LEE, Won-Ho [KR/KR]; 
112-1005 Gangbyeon apt, Mannyeon-dong, Seo-gu, Dae- 
jeon-city 302-741 (KR). K£L, Min-Ho [KR/KR]; 106^01 
Samsung apt., Munheyon-dong, Nam-gu, Busan-city 
608-043 (KR). 



(74) Agent: YOU ME PATENT & LAW FIRM; Teheran 
Bldg., 825-33 Yoksam-dong, Kangnam-ku, Seoul 135-080 
(KR). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, 
MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



NO 
IT) 

00 



(54) Titie: METHOD FOR PREPARING CATALYSTS FOR PARTIAL OXIDATION OF PROPYLENE AND ISO-BUTYLENE 



^5 (57) Abstract: The present invention relates to a process for preparing a catalyst for partial oxidation of propylene and iso-butylene, 
O and more particularly to a process for preparing a catalyst for partial oxidation of propylene and isobutylene that can stably prepare a 
catalyst that shows high activity for conversion of propylene and iso-butylene to obtain acrolein and methacrolein with a high yield, 
by dissolving salts of metals acting as a catalyst in a nitric acid aqueous solution or in an organic acid solution to prepare a catalyst 
suspension, drying the catalyst solution in a microwave oven, and then pulverizing and molding the dried catalyst, and calcining the 
catalyst 
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DESCRIPTION 

METHOD FOR PREPARING CATALYSTS FOR PARTIAL OXIDATION OF 
PROPYLENE AND ISO-BUTYLENE 



partial oxidation of propylene and iso-butylene, and more particularly to a 
process for preparing a catalyst for partial oxidation of propylene and iso- 
butylene that can stably prepare a catalyst that shows high activity for 
conversion of propylene and iso-butylene to obtain acrolein and methacrolein 

10 with a high yield. 
[Background Art] 

Partial oxidation employing a complex oxide of transition metals as a 
catalyst is industrially very important, because it produces intermediates of 
high value for chemical engineering such as aldehydes, organic acids, epoxy 

15 compounds, nitrile compounds, and the like. 

In partial oxidation, complete oxidation that produces carbon dioxide 
and water is inhibited, and it is important how selectively a desired partial 
oxidation product is produced. Thus, a catalyst used in partial oxidation 
should be able to inhibit the generation of carbon monoxide or carbon dioxide, 

20 and simultaneously, it should have high activity so that it may be economically 
valuable. Generally, partial oxidation employs a metal, a single metal oxide, 
a complex metal oxide, or the like as a catalyst, and particularly a complex 
metal oxide is predominantly employed. 



[Technical Field] 
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The present invention relates to a process for preparing a catalyst for 
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Since partial oxidation is generally an exothermic reaction, and 
selectivity of the partial oxidation is sensitive to reaction temperature, a 
complex oxide catalyst that shows activity even at a low temperature is 
required. Catalysts for partial oxidation are widely employed in various fields. 



methacrylic acid are prepared by gas phase contact oxidation of acrolein and 
methacrolein that are produced by partial oxidation of propylene and iso- 
butylene. This preparation process is carried out under as low an oxygen 
concentration and as low a reaction temperature as possible, so that 

10 combustion due to an increase in oxygen concentration of reactants is avoided, 
overreaction is prevented, and selectivity of acrolein or methacrolein is not 
deteriorated. Additionally, a catalyst that shows high activity at a low reaction 
temperature has higher inactivation resistance than a catalyst showing 
comparatively low activity. Therefore, many studies regarding a catalyst for 

15 partial oxidation of propylene and iso-butylene have been undertaken. 

Thus far, in order to effectively prepare acrylic acid or methacrylic acid 
by gas-phase contact oxidation of acrolein or methacrolein, various methods 
have been suggested. 

As examples, Japanese Laid-Open Patent Publication Sho 44-12129 

20 discloses a catalyst consisting of molybdenum, vanadium, and tungsten; 
Japanese Laid-Open Patent Publication Sho 49-11371 discloses a catalyst 
consisting of molybdenum, vanadium, copper, tungsten, and chromium; 
Japanese Laid-Open Patent Publication Sho 50-25914 discloses a catalyst 
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In general, among the complex oxide catalysts, acrylic acid and 
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consisting of molybdenum and vanadium; and Japanese Laid-Open Patent 
Publication Sho 52-85091 discloses a catalyst consisting of one or more 
components selected from the group consisting of molybdenum, vanadium, 
copper, antimony, and germanium. 



rate and acrylic acid yield are varied according to methods for molding a 
catalyst when the components and compositional ratio of a catalyst is identical, 
and also discloses a process for preparing a catalyst having high acrylic acid 
yield. In addition, Korean Patent Application No. 1998-073605 discloses a 

10 process for preparing a catalyst suspension by controlling the weight of water 
based on total weight of metal salts, and Korean Patent Application No. 1998- 
073604 discloses that catalyst activities are varied according to particle sizes. 

However, these methods have problems in that a lot of time and cost 
are required for drying due to the use of a large amount of water when 

15 preparing a catalyst, and the control of catalyst properties is difficult. 

For improvement of the drying method, Japanese Patent No. 2002- 
316047 discloses a method using a microwave when preparing a catalyst for 
oxidation of propane. However, because this method uses water when 
preparing a catalyst for oxidation of propylene and iso-butylene, a phase 

20 separation occurs due to precipitation of metal components when preparing a 
catalyst slurry. If a drying process using a microwave is used for a layer- 
separated slurry, catalyst activity is deteriorated. The present invention 
employs an organic acid such as nitric acid and citric acid instead of the layer- 
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Also, European Patent No. 023,859 discloses that acrolein conversion 
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separated slurry to prepare a completely dissolved slurry, and improves 
catalyst activity by drying the thus-prepared slurry using a microwave. 
[Technical Problem! 

In order to solve the problems of the prior art, it is an object of the 
5 present invention to provide a process for preparing a catalyst for partial 
oxidation of propylene and iso-butylene, which can reduce time and cost 
required for drying and improve physical properties of the catalyst. 

It is another object of the present invention to provide a catalyst for 
partial oxidation of propylene and iso-butylene, which shows high activity for 
10 conversion of propylene and iso-butylene, shows high selectivity for partial 
oxidation, and can obtain acrolein and methacrolein with a high yield. 
[Technical Solution] 

In order to achieve these objects, the present invention provide a 
process for preparing a catalyst for partial oxidation of propylene and iso- 
15 butylene represented by the following Chemical Formula 1, which process 
comprises the steps of: 

a) dissolving a metal salt comprising 

i) a molybdenum salt, 

ii) a bismuth salt, 
20 iii) an iron salt, 

iv) one or more kinds of salts of metals selected from the group 
consisting of cobalt, tungsten, vanadium, antimony, and nickel, and 

v) one or more kinds of salts of metals selected from the group 
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consisting of potassium, rubidium, and cesium, 

in a nitric acid solution or in an organic acid solution to prepare a 
catalyst suspension; 

b) drying the catalyst suspension of step a) in a microwave oven; 
5 c) pulverizing and molding the dried catalyst of step b); and 

d) calcining the catalyst powder obtained in step c) 
[Chemical Formula 1] 
Mo a BibFe c XdY e Of 

(wherein X is cobalt, tungsten, vanadium, antimony, or nickel, 
10 Y is potassium, rubidium, or cesium, 

each of a, b, c, d, and e represents the atomic mole ratio of each 
metal, and when a is 12, b is 0.5-2, c is 0.5-2, d is 3-8, and e is 0.005-0.2, 

and f is determined according to the oxidation state of each metal.) 

The present invention also provides a catalyst for partial oxidation of 
15 propylene and isobutylene represented by the above Chemical Formula 1, 
which is prepared by dissolving a metal salt comprising a molybdenum salt; a 
bismuth salt; an iron salt; one or more kinds of salts of metals selected from 
the group consisting of cobalt, tungsten, vanadium, antimony, and nickel; one 
or more kinds of salts of metals selected from the group consisting of 
20 potassium, rubidium, and cesium in a nitric acid aqueous solution or in an 
organic acid solution to prepare a catalyst suspension, drying the catalyst 
suspension in a microwave oven, pulverizing the dried catalyst, and calcining 
the pulverized catalyst powder. 
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[Advantageous Effects] 

According to the present invention, time and cost required for drying 
when preparing a catalyst can be reduced, physical properties of a catalyst 
can be improved, and a catalyst for partial oxidation of propylene and 
5 isobutylene, which shows higher propylene and isobutylene conversion rates 
and high selectivity for partial oxidation, and can obtain acrolein and 
methacrolein with a high yield, can be stably prepared. 
[Best Mode] 

The present invention will now be explained in detail. 

10 The inventors, during studies on a process for preparing a catalyst for 

partial oxidation of propylene and iso-butylene capable of reducing time and 
cost required for drying and improving physical properties of the catalyst, 
prepared a catalyst by drying a catalyst suspension prepared by dissolving 
salts of metals acting as a catalyst in a nitric acid aqueous solution or in an 

15 organic acid solution in a microwave oven, pulverizing the catalyst suspension, 
and molding and calcining the pulverized catalyst powder. As a result, it has 
been discovered that time and cost required for drying when preparing the 
catalyst can be reduced, physical properties of the catalyst can be improved, 
the catalyst shows higher conversion of propylene and iso-butylene and high 

20 selectivity for partial oxidation, and acrolein and methacrolein can be obtained 
with a high yield. 

The catalyst for partial oxidation of propylene and iso-butylene of the 
present invention is prepared by drying a catalyst suspension prepared by 
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dissolving salts of metals acting as a catalyst in a nitric acid aqueous solution 
or in an organic acid solution in a microwave oven, pulverizing the dried 
catalyst, and calcining the pulverized catalyst powder. 

The process for preparing a catalyst for partial oxidation of propylene 
5 and iso-butylene of the present invention will be explained in more detail, 
a) Preparation of a catalyst suspension 

In this step, salts of metals acting as a catalyst for partially oxidizing 
propylene and iso-butylene into acrolein are dissolved in a nitric acid aqueous 
solution or in an organic acid solution to prepare a catalyst suspension. 
10 As the metal, molybdenum, bismuth, iron, cobalt, tungsten, vanadium, 

antimony, nickel, potassium, rubidium, or cesium can be used. 

When the metal salts are dissolved in a nitric acid aqueous solution or 
in an organic acid solution, they interact to obtain a completely dissolved 
suspension. 
15 b) Drying 

The thus-prepared catalyst suspension is dried in a microwave oven. 

The microwave oven is not specifically limited. 

The drying is preferably carried out at a wavelength of the microwave 
oven of 600 MHz to 2.5 GHz, and more preferably 600 MHz to 1 GHz. If the 
20 wavelength of the microwave oven is less than 600 MHz, drying time 
increases, and if the wavelength exceeds 2.5 GHz, particle size increases. 

The drying is preferably carried out for 30 seconds to 5 minutes for 10 
ml of a catalyst suspension, and more preferably for 30 seconds to 2 minutes. 
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The drying in a microwave oven can reduce time required for drying 
to approximately 1/20 compared with conventional catalyst preparation, and 
thus decrease cost. 

c) Pulverization 

5 In this step, the catalyst dried in the microwave oven is pulverized. 

The pulverization is preferably carried out such that a particle size 
becomes 100 mesh or less. The pulverized size is not specifically limited. 

d) Calcination 

In this step, the pulverized catalyst is molded and calcined. The 
10 molding can be carried out by common methods such as extrusion, inert 

support coating, and the like. 

The calcination is preferably carried out at 350 to 450 °C for 4 to 6 

hours, and more preferably at 400 X: for 5 hours. Also, the calcining is 

preferably carried out in an air atmosphere. 
15 The thus-prepared catalyst has a surface area of twice to three times 

of that of a catalyst prepared by the conventional method, and it preferably has 

a surface area of 10 to 20 m 2 /g. Such an increase in a catalyst surface area 

increases activity of the catalyst and reduces the amount of the catalyst to be 

used. 

20 And, when the catalyst is commercially employed, it can be molded to 

a specific size and shape by a common method. 

Reaction conditions employed in the present invention are not 
specifically limited, and any reaction conditions commonly known to be useful 
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for preparation of acrolein and methacrolein by gas-phase catalytic oxidation 
of propylene and isobutylene in a fixed-bed multi-tubular reactor can be 
employed. 

The present invention also provides a catalyst for partial oxidation of 
5 propylene and isobutylene prepared according to the above process. The 
catalyst of the present invention shows higher conversion of propylene and 
isobutylene and shows high selectivity for partial oxidation of propylene and 
isobutylene, and can obtain acrolein and methacrolein with a high yield. 

The present invention will be explained with reference to the following 
10 Examples. However, these are only to illustrate the present invention and the 
present invention is not limited to them. 

[Example] 
Example 1 

To a 500 cc glass reactor, 400 mL of distilled water were added, and 
15 heated to 75 °C while stirring. 300 g of citric acid were then added thereto 
and dissolved, and 100 g of ammonium molybdate, 39.4 g of ferrous nitrate, 
and 54.95 g of cobalt nitrate were sequentially added and completely 
dissolved. To the solution, a solution of 0.286 g of potassium nitrate and 
34.35 g of bismuth nitrate in nitric acid was added, and the mixture was 
20 completely dissolved to prepare a catalyst suspension. 

The thus-prepared catalyst suspension was dried in a microwave oven 
with a wavelength of 600 MHz for approximately 2 minutes for 10 ml of the 
catalyst suspension. The dried catalyst cake was recovered and pulverized 
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to 40 mesh to prepare catalyst powders. The catalyst powders were 
collected, extruded in the form of cylindrical pellets, and calcined at 450 for 
5 hours in an air atmosphere to prepare a metal complex oxide catalyst with a 
composition of M012Bi1.5C04Fe2Ko.oe. The extrusion and calcining processes 
5 are applied in the same manner in the following Examples. 
Example 2 

To a 500 cc glass reactor, 400 mL of distilled water were added and 
heated to 75 t; while stirring. 200 g of citric acid were then added thereto and 
dissolved, and then 100 g of ammonium molybdate, 39.4 g of ferrous nitrate, 

10 and 60.44 g of cobalt nitrate were sequentially added and completely 
dissolved. To the solution, a solution of 34.35 g of bismuth and 0.286g of 
potassium nitrate in nitric acid was added and completely dissolved to prepare 
a catalyst suspension. 

The thus-prepared catalyst suspension was collected and dried in a 

15 microwave oven with a wavelength of 800 MHz for 30 seconds for 10 ml of the 
suspension. The dried catalyst cake was recovered and pulverized to 40 
mesh to prepare catalyst powders. The catalyst powders were collected and 
calcined at 450 X: for 5 hours in an air atmosphere to prepare a metal 
complex oxide catalyst with a composition of Moi 2 Bii.5Co4.4 F e2Kao6. 

20 Example 3 

A metal complex oxide catalyst with a composition of 
M012Bi1.5C04.4Fe2Ko.06 was prepared by the same method as in Example 2, 
except that a suspension was dried in microwave oven with a wavelength of 1 

-10- 
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GHz for 30 seconds. 
Example 4 

A metal complex oxide catalyst with a composition of 
M012Bh.5C04.4Fe2Ko.06 was prepared by the same method as in Example 2, 
5 except that a suspension was prepared using 400 ml of nitric acid. 
Example 5 

A metal complex oxide catalyst with a composition of 
M012BiL5C04.4Fe2Ko.oe was prepared by the same method as in Example 2, 
except that a suspension was prepared using 400 ml of water. 
10 Comparative Example 1 

To a 500 cc glass reactor, 400 mL of distilled water were added and 
heated to 75 °C while stirring. A solution of 100 g of ammonium molybdate, 
39.4 g of ferrous nitrate, 60.44 g of cobalt nitrate, 34.35 g of bismuth nitrate, 
and 0.286 g of potassium nitrate in nitric acid was then added thereto to 
15 prepare a catalyst suspension. 

100 mL of the prepared catalyst suspension were dried under vacuum. 
The dried cake was recovered and pulverized to 40 mesh to prepare catalyst 
powders. The catalyst powders were molded and calcined in a furnace at 
450 °C for 5 hours to prepare a metal complex oxide catalyst with a 
20 composition of M012Bh.5C04.4Fe2Ko.06. 
Experiment 1: Catalytic activity test 

The catalysts prepared in Examples 1 to 3 and Comparative Example 
1 were respectively charged into a reactor at 250-350 °C and 1-3 
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atmospheres. Then, 1-10 vol% of propylene, 1-15 vol% of oxygen, 5-60 
vol% of vapor, and 20-80 vol% of inert gas were introduced on the catalyst 
with a space velocity of 500-2000 hours (STP). The propylene conversion 
rate, yield of acrolein and acrylic acid, and surface area of the catalyst were 
5 measured as follows, and the results are shown in Table 1 . 

a) propylene conversion rate - measured according to the following 
Equation 1 . 

[Equation 1] 

Propylene conversion rate (%) = (moles of reacted propylene/moles of 
10 supplied propylene) x 100 

b) acrolein and acrylic acid yield - measured according to the 
following Equation 2. 

[Equation 2] 

Yield (%) = (moles of produced acrolein and acrylic acid/moles of supplied 
15 propylene) x 100 

c) surface area - measured by nitrogen adsorption method. 
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[Table 1] 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Comparative 
Example 1 


Drying 
method 


microwave 
(600 MHZ) 


microwave 
(800 MHZ) 


microwave 
(1 GHZ) 


microwave 
(800 MHZ) 


microwave 
(800 MHZ) 


Vacuum 
drying 


Catalyst 
composition 


Mo 12 Bii. 5 Ca 
.4Fe 2 Ko.o6 


Mo^BiLsCo 
.4Fe 2 Ko.os 


Mo^Bh.sCo 
4Fe 2 Ko.o6 


Moi 2 Bk 5 Co 
.4Fe 2 Ko.o6 


Mo 12 Bi 1<5 Co 

.4^2^0.06 


Mo 12 Bi 1 . 5 Co 4 .4 
Fe 2 Koo6 


Reaction 
temperature 


320 TC 


320 t 


320 V 


320 V 


320 TC 


320 x: 


Propylene 
conversion 
rate (%) 


97.8 


97.5 


97.2 


97.0 


96.2 


95.2 


Acrolein and 
acrylic acid 
yield (%) 


89.1 


88.8 


88.4 


88.1 


87.3 


86.2 


Surface area 
(mVg) 


17.5 


16.8 


14.3 


12.4 


9.4 


5.7 



As can be seen from the Table 1, the catalysts of Examples 1 to 5 
prepared according to the present invention by drying in a microwave oven 
5 have superior propylene conversion rates, acrolein and acrylic acid yields, and 
surface areas, compared to the catalyst of Comparative Example 1. 
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CLAIMS 

1 . A process for preparing a catalyst for partial oxidation of propylene and iso- 
butylene represented by the following Chemical Formula 1, which process 
comprises the steps of: 
5 a) dissolving a metal salt comprising 

i) a molybdenum salt, 

ii) a bismuth salt, 

iii) an iron salt, 

iv) one or more kinds of salts of metals selected from the group 
10 consisting of cobalt, tungsten, vanadium, antimony, and nickel, and 

v) one or more kinds of salts of metals selected from the group 
consisting of potassium, rubidium, and cesium, 

in a nitric acid aqueous solution or in an organic acid solution to 
prepare a catalyst suspension; 
15 b) drying the catalyst suspension of step a) in a microwave oven; 

c) pulverizing and molding the dried catalyst of step b); and 

d) calcining the catalyst powder obtained in step c) 
[Chemical Formula 1] 

MOgBibFecXdYeOf 
20 (wherein X is cobalt, tungsten, vanadium, antimony, or nickel, 
Y is potassium, rubidium, or cesium, 

each of a, b, c, d, and e represents the atomic mole ratio of each metal, and 
when a is 12, b is 0.5-2, c is 0.5-2, d is 3-8, and e is 0.005-0.2, 

-14- 
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and f is determined according to oxidation state of each metal.) 
2. The process for preparing a catalyst for partial oxidation of propylene and 
iso-butylene according to Claim 1, wherein the step b) comprises drying the 
solution in a microwave oven with a wavelength of 600 MHz to 2.5GHz. 
5 3. The process for preparing a catalyst for partial oxidation of propylene and 
iso-butylene according to Claim 1 , wherein the drying of step b) is carried out 
for 30 seconds to 5 minutes, for 10 mL of the catalyst suspension. 

4. The process for preparing a catalyst for partial oxidation of propylene and 
iso-butylene according to Claim 1, wherein the catalyst has a surface area of 

10 10to20m 2 /g. 

5. A catalyst for partial oxidation of propylene and iso-butylene represented by 
the following Chemical Formula 1, which is prepared by the process of Claim 
1: 

[Chemical Formula 1] 
15 Mo a BibFe c XdYeOf 

(wherein X is cobalt, tungsten, vanadium, antimony, or nickel; 
Y is potassium, rubidium, or cesium; 

each of a, b, c, d, and e represents the atomic mole ratio of each metal, and 
when a is 12, b is 0.5-2, c is 0.5-2, d is 3-8, and e is 0.005-0.2; and f is 
20 determined according to the oxidation state of each metal.) 
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